Abstract. The purpose of this review is to analyze main directions of creation and functioning of major data sources developed by Russian astronomers or with their participation and to compare them with the worldwide trends in these fields. We discuss astronomical space missions of the past, present, and future (Astron, INTEGRAL, WSO-UV, Spectrum Roentgen Gamma, Lyra-B), high-quality photometric atlases and catalogues, and spectroscopic data sources, primarily VALD and the global VAMDC framework for the maintenance and distribution of atomic and molecular data. We describe collection, analysis, and dissemination of astronomical data on minor bodies of the Solar System and on variable stars. Also described is the project joining data for all observational types of binary and multiple stars, Binary star DataBase (BDB).
INTRODUCTION
In the recent decades, astronomy is facing a major data avalanche resulting in creation of a number of large collections and archives of astronomical data. The general approach toward data storage, use, and sharing, with the purpose of joining them into a seamless whole, is supported by the International Virtual Observatory Alliance (IVOA, http://www.ivoa.net). The Russian Virtual Observatory (RVO) is the national member of the Alliance, with its goals that include making contribution into the international project, in particular, by providing and improving access to astronomical data of all kinds supplied by the Russian projects and investigators.
For this purpose, the RVO issues regular reviews of the Russian astronomical data sources (Kilpio et al. 2003; Malkov et al. 2006; Kovaleva & Dluzhnevskaya 2011) . The aim of the present review is to analyze the main directions of creation and functioning of major data sources by Russian astronomers or with their participation and to compare them with the worldwide trends in these fields.
Basically, astronomical data can be distinguished according to numerous criteria. One can note differences related to their origin (observations from groundand space-based telescopes, sky surveys, data from publications, value-added data bases, etc.) or to objects they refer to (extragalactic data, stellar data, Solar System data, interstellar medium, exoplanets, etc.). It is sometimes useful to consider data referring to observational techniques separately (i.e., astrometric, spectroscopic, interferometric, or photometric data).
In our review, we select the types of data sources by virtue of which Russian astronomers have a significant share in the growth and/or quality of astronomical data. Section 2 describes archives of space projects: past, present, future and planned. In Sections 3 and 4 we discuss photometric and spectroscopic data, respectively. Minor planet data are described in Section 5. In Sections 6 and 7 we discuss binary star and variable star data, respectively. The concluding Section 8 gives a short summary.
SPACE PROJECTS

Astron
The Astrophysical station ASTRON (hereafter Astron) was a Soviet space mission launched on 1983 March 23, and placed into a high apogee (185 000 km) orbit, where it could make observations outside the Earth's umbra and radiation belt. Astron operated until mid-1988, however, its use was limited to only several hours per week by the lack of a dedicated ground segment. Astron observational data were not widely distributed, they are not included in the MAST archive or in the VizieR, and Astron publications are poorly represented in the NASA Astrophysics Data System.
The most comprehensive source of the Astron ultraviolet (UV) data is a separate issue (Boyarchuk 1994) , where the authors report on the instrumentation including the Spica UV telescope and a set of X-ray spectrophotometers on board the satellite, and on the scientific goals and the results during the nearly eight years period of operation. The Spica telescope was based on the classical RitcheyChrétien scheme, with the 0.8 m diameter primary mirror and a focal length of 7.86 m. The UV spectra were obtained by the Rowland spectrograph in two channels; one worked in the 2400-3500Å range with ∆λ ≈ 30Å and the other one, worked in the 1524-2600Å range with ∆λ ≈ 0.4Å and ∆λ ≈ 30Å.
Among the most important observations by Astron were those of Comet Halley in December 1985 and of the SN1987A supernova in March 1987. Besides that, spectral observations were obtained for more than a hundred stars of various types (in particular, symbiotic stars and flare stars), dozens of galaxies and nebulae, as well as for several comets. Several sets of observations were devoted to X-ray sources in Hercules, Leo, Orion, and Taurus. A more detailed description of the mission can be found in Boyarchuk et al. (2014) , while digitization of Astron data is described in Kilpio et al. (2016) .
INTEGRAL
The task of INTEGRAL, International Gamma-Ray Astrophysics Laboratory, is to gather some of the most energetic radiation that comes from space. The spacecraft was launched on 17 October 2002 and it is helping to solve some of the greatest mysteries in astronomy.
The mission is dedicated to fine spectroscopy (E/∆E = 500) and fine imaging (with an FWHM angular resolution of 12 arcmin) of celestial gamma-ray sources in the energy range from 15 keV to 10 MeV, with concurrent source monitoring in the X-ray (4-35 keV) and optical (V band, 550 nm) energy ranges.
INTEGRAL is a truly international mission. On board, four instruments from teams led by scientists in Italy, France, Germany, Denmark, and Spain are today gathering and analyzing gamma-rays from space. A Russian Proton rocket successfully placed the spacecraft into orbit. The INTEGRAL space mission and the data received are described, for example, in Krivonos et al. (2012) .
SRG
Spectrum Roentgen Gamma (SRG) is an X-ray astrophysical observatory, developed by Russia in collaboration with Germany. The mission will be launched in September 2017 from Baikonur, by a Zenit rocket with a Fregat booster, and placed into a 6-month-period halo orbit around L2. The scientific payload consists of two independent telescopes: a soft-X-ray survey instrument, eROSITA, being provided by Germany, and a medium-X-ray-energy survey instrument ART-XC, being developed by Russia. ART-XC will consist of seven independent, but co-aligned, telescope modules. The NASA Marshall Space Flight Center is fabricating the flight mirror modules for the ART-XC/SRG. Each mirror module will be aligned with a focal-plane CdTe double-sided strip detector, which will operate over the energy range 6-30 keV, with an angular resolution of < 1 ′ , a field of view of ∼ 34 ′ , and an expected energy resolution of about 10% at 14 keV. A description of the SRG mission can be found in Predehl & Pavlinsky (2014) .
WSO-UV
The aim of the World Space Observatory-Ultraviolet (WSO-UV) mission is to study the Universe in the 115-310 nm ultraviolet wavelength range, which is beyond the reach of ground-based instruments. WSO-UV is a major international collaboration, with Russia playing the leading role. The project has been included into the Federal Space Program of Russia.
Russia manufactures the main instrument of the observatory, a 170-cm telescope to be equipped with high-and low-resolution spectrometers, long-slit spectrometer, and cameras for high-quality UV and optical imaging.
Dedicated to spectroscopic and imaging observations of the ultraviolet sky, the World Space Observatory-Ultraviolet mission consists of a 1.7-m telescope with instrumentation able to perform:
• high-resolution (R ≥ 50 000) spectroscopy by means of two echelle spectrographs covering the 115-310 nm spectral range;
• long-slit (1 × 75 arcsec) low-resolution (R ∼ 1000) spectroscopy with a near-UV channel and a far-UV channel to cover the 115-305 nm spectral range;
• near-UV and far-UV imaging channels covering the 115-320 nm wavelength range;
• slitless spectroscopy with spectral resolution of about 500 in the full 115-320 nm spectral range.
The WSO-UV Ground Segment will provide the means and resources to manage and control the mission, to receive and process data produced by the instruments, and to disseminate and archive the generated products (see Shustov et al. 2014 for description).
Lyra-B
The space photometric project "Lyra-B" is being developed in Russia. The project purposes are the determination of photometric information and coordinates for natural and artificial space objects, from the brightest ones down to 16 mag in visual light. It is supposed to obtain data for about 40-400 million objects working onboard the International Space Station, using an astronomical telescope with the 0.5 m diameter main-mirror. The observations will be carried out in a scanning mode.
Photometry will be obtained in 10 spectral bands. The expected uncertainty of magnitudes for objects of 16 mag in the V band is 0.001 mag. One of the principal tasks of the planned mission is to construct a 10-color set of standards, amounting to several millions of objects (Mironov et al. 2010 ).
PHOTOMETRIC DATA
In late 1980s, there appeared representative empirical spectrophotometric atlases: Spectrophotometric Catalogue of Stars (Kharitonov et al. 1988 ; third edition: Tereshchenko 2011), Sternberg Spectrophotometric Catalog (Glushneva 1982; Glushneva et al. 1983 Glushneva et al. , 1984 with its IR extension, Moscow Spectrophotometric Catalog (Kolotilov et al. 1980; Voloshina et al. 1980 Voloshina et al. , 1982 Glushneva & Shenavrin 1983; Shenavrin et al. 1989 Shenavrin et al. , 1991 ). Very precise data on 238 secondary spectrophotometric standards were collected by Glushneva et al. (1992) . The Pulkovo Spectrophotometric Catalog (Alekseeva et al. 1996 (Alekseeva et al. , 1997 should also be mentioned among the most representative and precise spectrophotometric atlases. In these atlases, the observed spectral range is 3000-11 000Å (with a 50-Å increment), and the total number of stars is about 2000. Observational uncertainty in the middle of the visual spectral range is about 0.02-0.03 mag. It is worthy to note that the results were presented as absolute measurements, tied to the absolute spectrophotometric standard (Vega), and given in units of erg/(s cm 2Å ) or W m −3 . A comparative analysis of the empirical spectrophotometric atlases listed above and modern atlases of observed stellar spectra is presented in Mironov et al. (2014) .
The catalogue of W BV R magnitudes (Kornilov et al. 1991 ) contains fourcolor photometry for 15,000 bright (V < 7.2 mag) northern (δ > −15
• ) stars. By that time, benefits of the ultraviolet band W , instead of the U band of the Johnson U BV system, were convincingly substantiated by Straižys (1973) . A set of W BV R standards, consisting of more than 200 stars, was constructed and published in Khaliullin et al. (1985) . Corrections for atmospheric extinction were performed using an original, specially developed procedure (Moshkalev & Khaliullin 1985) . The photometric precision of the catalogue reaches 0.002-0.004 mag for non-variable stars, comparable to that of Hipparcos data, and represents the highest precision achieved in global photometric catalogues. The results of comparison of the W BV R photometry to Hipparcos and Tycho data are given in the paper by Mironov & Zakharov (2002) .
SPECTROSCOPIC DATA
To analyze spectra of astronomical objects, one needs to have processed spectra, models of emitting matter, and a set of parameters for atomic and molecular lines that form the observed flux. Usually, the spectra are available at the observatory's web site. One of online archives is the General Observation Archive of the Special Astrophysical Observatory of the Russian Academy of Sciences, North Caucasus, Russia (http://www.sao.ru/oasis/cgi-bin/fetch). It includes a list of instruments. One of the instruments is the high-resolution spectrograph, NES (Nasmyth Echelle Spectrograph, with the resolving power R = 35 000−60 000), attached to the 6-m BTA telescope. An online form provides access to the spectra taken since 1994. The query form allows one to search by object name or coordinates, by date, by principal investigator of the proposal, by type of the data, and by observation mode. The available observations are in raw format. The access to the archive does not require registration.
An important component of spectral analysis are the input parameters of spectral lines: wavelengths (transition energy levels), transition probabilities, damping parameters, etc. The Vienna Atomic Line Database (VALD) is a collection of atomic and molecular transition parameters of astronomical interest (Kupka et al. 1999; Kupka et al. 2000; Ryabchikova & Pakhomov 2015) . VALD offers tools for selecting subsets of lines for typical astrophysical applications: line identification, abundance analysis and radial velocity measurements, model atmosphere calculations, etc. The VALD Electronic Mail Service (VALD-EMS) is the main data transfer protocol for small data set extraction. For extraction of a large amount of data, VALD users are recommended to use the 'via ftp' option. The VALD web portal offers full functionality of the extraction tools and flexibility of data access. The Russian VALD mirror site is at http://vald.inasan.ru/∼vald3.
Numerous atomic and molecular databases have different formats of data presentation that is of a certain difficulty for the users. Moreover, each of these databases is constructed for a specific class of scientific tasks. Therefore, they are not complete from the point of view of spectroscopy. To make access to data easier for the user, it was decided to construct a well-documented interoperable interface to the differently organized existing databases.
The Virtual Atomic and Molecular Data Centre (VAMDC, http://vamdc.eu) is a consortium of research institutions (including Russian ones) that share a common technical framework for the maintenance and distribution of atomic and molecular data (Dubernet et al. 2010; Rixon et al. 2011) . The VAMDC Consortium technical framework relies on the use of the e-science VAMDC infrastructure that provides the international research community with access to a broad range of atomic and molecular data compiled within a set of databases accessible through the provision of a single portal. To get access to the wide data collections and to internal VAMDC tools, the user has to register at the VAMDC User Portal. Currently VAMDC includes about 30 databases.
DATA ON MINOR PLANETS
The Minor Planet Center (MPC) was established by the International Astronomical Union. The activity of this Center in gathering and distribution of data on minor bodies of the Solar System is of great interest to astronomers. MPC provides a basis for several regional affiliates that serve the national astronomical communities and advance theoretical studies. The asteroid hazard mitigation is going to occupy the mankind during many centuries to come. This is a major undertaking, which must involve the international cooperation if it is to succeed in the removal of existential threat to our civilization. With this in mind, the astronomical community establishes ever closer ties across the borders, getting ready to meet just any challenge that our space neighbors might present.
The search for and study of Solar System's minor bodies is being spearheaded by several dedicated teams, and there are many useful and convenient services for observers and theoreticians all around the globe. In particular, the following services in Russia can be mentioned: Ephemeris computer program for studies of the Solar System's objects (EPOS, Pulkovo observatory, L'vov & Tsekmeister 2012); Multi-purpose software package for asteroids and comets (AMPLE 3, Institute of Applied Astronomy, Novikov et al. 2010) ; IDA software for study of dynamics of asteroids (Tomsk State University, Bykova et al. 2012) , and others. The Russian contribution to the collection, analysis, and dissemination of astronomical data on minor bodies of the Solar System is described in detail in Rykhlova & Bakanas (2015) .
DATA ON BINARY STARS
Binary stars form a significant part of stellar population, they are registered and observed by a number of methods. This is the reason for a variety of present-day resources of astronomical data on binaries and multiples. The review of observational types of binary stars and of basic data resources for them (Kovaleva 2015) indicates that, until recently, a data source addressing specific binary properties and joining information for all observational types of binarity was missing. To fill in this gap, the Binary star DataBase, BDB (http://bdb.inasan.ru) was created in collaboration between the Institute of Astronomy of the Russian Academy of Sciences and Observatory of Besançon Kaygorodov et al. 2012) .
Information on objects in visual, common proper motion, interferometric, spectroscopic, eclipsing, etc. systems of binary and multiple stars is obtained from astronomical catalogues, databases, and surveys.
At present, the BDB contains data on about 270,000 components of 124,000 systems of multiplicity 2 and more, which can be queried by object name, coordinates, and various criteria. The data of the basic catalogues for all major observational types of binaries are uploaded to the database. The data from minor catalogues are being added in the course of time; however, almost all catalogued binary and multiple stars are inserted into the database by now. Thus, the data from basic astronomical data sources for binary and multiple stars of all observational types are available for search and analysis via the BDB. The database should become the tool for convenient access and work with all catalogued data for binary and multiple stars of all types.
To provide quick and effective cross-identification as well as proper linking between data and objects in the binary and multiple stars in the frame of BDB, the general catalogue of identifications of binaries, named Identification List of Binaries, ILB ) is being compiled. The ILB includes unique identifications for all systems, pairs, and components inserted in the BDB up to date, as well as leaves such possibility open for the coming binary lists/catalogues/surveys.
DATA ON VARIABLE STARS
Currently, hundreds of thousands of variable stars are known, including those discovered as by-products of microlensing and exoplanet search surveys. The most complete information on variable stars, including their coordinates, extensive cross-identification, photometry, spectral type, variability period, light-curve parameters, classification and detailed notes can be found in the General Catalogue of Variable Stars, GCVS (Samus et al. 2013) . It represents one of the largest databases on variables and lists about 50,000 variable stars in the Milky Way, as well as over 10,000 in other galaxies, and more than 25,000 suspected variables. The GCVS is available at http://www.sai.msu.su/gcvs/gcvs/ website and in the VizieR database (http://vizier.u-strasbg.fr/viz-bin/VizieR).
Other very valuable sources of data on variable stars, compiled by the Russian institutes, are the Cepheid Photometry Database (Berdnikov 2008) , gathering observations of about 900 Cepheids, and the Sternberg Astronomical Institute Supernova Catalogue (http://www.sai.msu.su/sn/), containing designations, positional and photometric information, redshifts, morphological types, and other data for more than 6500 SNe (Tsvetkov et al. 2004 ).
CONCLUSIONS
We have discussed several major space projects with participation of Russia that result in a wealth of astronomical data. Among them, there is the Astron mission, completed back in 1980s, but with its scientific legacy not provided enough for general access until recently. The INTEGRAL mission that is active now, as well as the coming Spectrum Roentgen Gamma and WSO-UV missions and the projected Lyra-B mission, are discussed, including the expected data.
A review of spectroscopic projects, primarily VAMDC, joining the databases in spectroscopy and providing an international framework for the maintenance and distribution of atomic and molecular data, is presented, as well as a review of highquality photometric and spectrophotometric data sources, including the W BV R catalogue that provides the highest precision achieved in global photometric catalogues. We discuss the general state of matters and the Russian contribution to the collection, analysis and dissemination of astronomical data on minor bodies of the Solar System and on variable stars. The data for binary and multiple stars of all observational types are being integrated in the frame of the Binary star DataBase, BDB. The present review, in the context of general developments and trends of astronomy, proves that data volume is increasing, and to make use of it and of improving data quality, methods of data storage, processing, and use are of critical importance.
